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EY TO SPECIES AND VARIETIES OF FERNS 
AND FERN ALLIES OF NORTHEASTERN 
NORTH AMERICA 


By Ray C, FRIESNER 


The publication of Broun’s' “Index to North American Ferns” 
1s filled a long-felt need for students of pteridophytes. The fre- 
1ent changing of names of plants is not only confusing to students 
it annoying to teachers as well, when they must learn a new name 
very year and perhaps carry several names in their mind at once in 
-der to meet the needs of students using different keys and manuals. 
roun’s book will go far toward stabilizing a recently vacillating field 
f taxonomy and is essential in every laboratory where pteridophytes 
‘e studied and taught. 

With the matter of nomenclature and synonymy settled for a 
hile, the next demand for teaching taxonomy of this group is a 
venient manual and key for student use. No manual is available 
wr all of the species and varieties occurring in northeastern North 
merica but we have found Wherry’s? “Guide to Eastern Ferns” 
ost suited for our purposes. This excellent little manual contains 
) key. Consequently, it was necessary to construct our own key for 
udent use. 

The following key is aimed at enabling students to determine the 
ecies and varieties of pteridophytes given by Broun for northeast- 
n North America (what is commonly thought of as the “Gray’s 
anual range”). It makes no claim to originality in the choice of 
fferentiating characters and to the host of students in this field 
om whose published writings material has been taken, credit is here 
knowledged. Following each name are given page references in 
ray’s Manual, Zed. (G), Wherry’s Manual (W), and other refer- 
ices when the plant is not to be found in either of these manuals. 

In order that teachers may have this key available for student use, 
prints of this paper are available at ten cents per copy and may be 
cured from the Botany Department of Butler University. 


Key, 
1. Plants floating on the surface of boggy waters.......... Z 
Be Tireuriatet (Odie ei ie alat opis eas sv aalag een ees 3 
1Broun, Maurice. Index to North American Ferns. Published by the author, Orleans, 


ss. 1938. 
2Wherry, Edgar T. Guide to Eastern Ferns. Science Press. 1937. 


so 


2. Leaves apparently 2-ranked, densely papillose on dorsal 
SULLaCe ut yew A. Teer Salvinia natans (L.) All. G 59 


2. Leaves closely imbricated, glabrous on dorsal surface 


ae ee cle Azolla caroliniana Willd. G 50; W 47 


Plants: twitine ofrclimbing 2 hea eter cite eer 
oe oe Lygodium palmatum (Bernh.) Sw. G 46; W 43 


Plants neither twining nor climbing? 2.2.22. ...+.5..6 «0 
4.. Plants very slender, filiform, tortuouSs........-.-... 


eta anes one Schizea pusilla Pursh. G 45; W 45 
Ay Pilantseneither tilitoniy not contuOuUse see ieee cerns 
Leaves 4toliolate ot enn ee ee re eae 


Leaves reduced to mere vestigial scales whorled at the 
nodes of jointed stems (Equisetum) .......: Ne cee 


Leaves very long and narrow, 3-20 cm long by 0.5-1 cm 
wide, very closely imbricated on a short corm-like stem 
( TSO@KES\ Os. 6 eva ad oe heres seein 5, vbup, vn ee eet gee chee eed 


Leaves very small, 2-10 mm long, very closely imbricated 
(Leycopodinea))) is: mn. 5s eed ie ere ee 


Leaves larger, broader, frond-like (common true ferns). . 


6. Leaflets glabrous; sporocarps 2-3; peduncle attached 


to petiole... Marsilea quadrifolia L. G 50; W 47 
6. Leaflets hairy ; sporocarps solitary ; peduncle free from 
DetiOle ae ae Marsilea vestita Hook. & Grv. G 50 


Homosporous, i. e. spores and sporangia of one type only... 
Heterosporous, i. e. spores and sporangia obviously of two 
SIZES Was nore ee 3) oe ae Pea aie ORO eee ene 


8. Spore-bearing leaves not aggregated into definite 
strobili or cones +.) 0,0, cemren ao eee ee 


8. Spore-bearing leaves aggregated into definite strobili. . 


Leaves in alternating zones of longer and shorter lengths. . » 


Leaves uniform in length, i. e. not in alternating zones of 
longerand shorter lengtis=s0. 0-0) ee eee 
i EG eT seer Lycopodium selago L. G 55; W 161 
10. Leaves broadest near or above their middle 
10. Leaves broadest at their bases 


aay hhc. ee ea CO eee Be Lycopodium 

selago patens (Beauv.) Desv. G 55; W 163 

(L. lucidulum porophilum in Gray Man. 7ed.) 
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Leaves entire or only slightly serrate ................ 
SOR ace ace eye iene en Lycopodium lucidulum 
occidentale (Clute) Wilson. G 55; W 165 (Rhodora 
34:170. L. bk porophilum in Gray Man. 7ed.) 

12. Sporophylls, i. e. the leaves comprising the strobili, 

not conspicuously different in appearance from the 
Ee tALIV MICA VES mera LNs suet glk Soene cere wile 6 3 

12. Sporophylls yellowish and scale-like, very different 

in appearance from the vegetative leaves ......... 

Sporopavice/ 7mm Mone. 5. ees oa eee 

SPOrOphyl ss Guin Ones fot ie dos ac cule oon os 

14. Sporophylls deltoid, mostly entire ................ 

14. Sporophylls suddenly contracted above the base into a 


natrow subulate apex, more or less toothed near base 
. Lycopodium adpressum (Chapm.) L. & U. W 183 


Perieprancnes o-10-cig High 2; oscuro. sd oes 
SS Es ae ee Lycopodium inundatum L. G 56; W 179 
meres mraticnes l=, tiie Nigh ecco 7a cieiern oes aes 0 Lyco- 


podium inundatum bigelovu Tuckerm. G 56; W 179 
16. Median sporophylls 0.75-1.25 mm wide at base, beset 
with 6-10 or more bristle-like teeth rather evenly 
distributed from the base upwards to beyond the 
middle. . Lycopodium alopecuroides L. G55; W 181 

16. Median sporophylls about 1.5 mm wide at base, beset 
with 4-6 marginal teeth or bristles clustered between 

the spore case and the middle of the sporophyll.... 

ie, OWES AOE COO ae ae Lycopodium inundatum 
robustum R. J. Eaton. W 179; Rhodora 33: 202. 
Leaves on the vegetative branches about uniform in length 
all the way around the stem, giving the branch as a 
whole a nearly cylindrical appearance (except for flat- 
tening due to pressing in the case of herbarium 
TATerIad ten) Mie tee Tedd eee alah cals salah’ s » ls 
Leaves on the vegetative branches longer on the sides than 
on the top and bottom of each branch, giving the branch 
amore of Jess tlattsh appeatanice ©... 6... 02552... es 
18. Free (i. e. unattached) portion of leaves 1-3 mm 
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Zh. 


ey 
23. 
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20. 


long= leaves in 5 rOWS 4g seece eee eerie 

siete Widigide Salon Lycopodium sitchense Rupr. G 56 

18. Free portion of leaves 4-8 mm long; leaves in more 
thas oo eT OWS. Aiea eee eens takeee te Carmenere nets 
Strobili sessile at the ends of leafy branches, i. e. not lifted 
above vegetative portions of stem on peduncles differ- 
ing conspicuously from the vegetative branches ....... 


Strobili lifted above the vegetative parts by slender ped- 


uncles containing modified scale-like leaves .......... 
20. Erect stems’ dendroid, i. e. tree-like in their branching 
Pilehiebly CSO ee wee Lycopodium obscurum 
dendroideum (Mx) D. C. Eaton. G 56; W 171 

20. Erect stems simple, not at all dendroid ............ 
Leaves appressed (402s emncune For oie ee ater tre ae 
Behe eats Lycopodium annotinum pungens Desv. G 56 
Leaves spreading <5. sean & urtencstege eee oye ee one 
22. Leaves lanceolate to oblanceolate, distinctly serrate, 
Nee Mi tee Lycopodium annotinum L. G 56; W 167 

22. Leaves linear or lance-attenuate, entire or slightly 
Serrate:- thickishiet (tau pe eke Lycopodium 
annotinum acrifolium Fern. Rhodora_ 17:124 
Stroboli one perp peduncles... «cea ieudeni eee ee 
Strobili:two. per (peaunclen; «cm carvan ee ede ns eee 
Stropily three or more sper peduncle 7 gicgieinew pee 
Ie PRS eel en oie Maes: Lycopodium clavatum subremotum 


Vict. Contr. Bot. Lab. Univ. Montreal 3:24. 1925 
24 Pedunclestle2 57 CM WIChE a pense nice Sea ee ee 
.. Lycopodium clavatum monostachyum Desv. G 56 

a4, PRedunciesig-15,cm lone)... Lycopodium clavatum 
megastachyon Fernald & Bissell. Rhodora 12:53 
Strobili’ sessile on, the, peduticle: ...k. sxstac onli vue cee 
Seon tegen pee Lycopodium clavatum L. G 56; W 169 
Strobili on short secondary peduncles (pedicels) ........ 
Aionthe wae sae Lycopodium clavatum laurentianum 
Vict. Contr. Bot. Lab. Univ. Montreal 3:23. 1925 
26. Strobili borne sessile at the ends of leafy branches. . 
Si ater ene Lycopodium obscurum L. G 56; W 173 

26. Strobili lifted above the leafy branches on definite 
peduncles 


SSS V8) (8 5G: Gio. ete) (6. "el ! ieiier te: 5e) 6! 6) 0) eSS. ee a) © 616 a, 6) 1s) 8) ie ats) 
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3. 
3. 


5. 


Peduncles arising direct from horizontal stems or root- 
stocks =<: Lycopodium carolinianum L. G 56; W 185 
Peduncles arising from tips of erect branches .......... 
28. Free portion of lateral leaves nearly as long as the 
Ota CMDOF OMe ects. ss fens oe oC haloes hace 

28. Free portion of lateral leaves not over 1/2 as long as 
emUttee DOMIOME NT wis. <6 eae hes lee ss ace 
Recomideles RIE) 4 SCHUONPS  eeiey . . aye? co a acids a Fs a 
Se Lycopodium sabinaefolium Willd. G 56 
meecanclesw6-7-Occny 1OnS 5 awe 5 fn een Lycopodium 
sabinaefolium sharonense Blake. Rhodora 20:60 
30. Branches somewhat glaucous, bluish-green in color; 
branch plus adnate portion of leaves 1-1.5 mm wide; 
ventral median leaf reaching or over-lapping the 

Tie ONE ADOV CET ose cee mA ee os ade = S 
_....Lycopodium tristachyum Pursh G 57; W 175 
30. Branches not. glaucous, yellowish-green in color; 
branch plus adnate portion of the leaves 1.8-4 mm 

wide ; ventral median leaves much reduced ....... 


Peduncles about 3 cm long; strobili 1-3 per peduncle.... 


Peduncles averaging 7 cm long; strobili mostly 4 per 
DECUEE cree. tele. oh ae Don Lr Ee. Lycopodium 
flabelliforme (Fern.) Blanch. G = 57;° W = 177 

32. Strobili sessile on the peduncle ; rootstock superficial. 

iA ops Lycopodium complanatum L.G 56; W 177 
32. Strobili on short pedicels; rootstock deep .......... 
ee. ee oe ee Lycopodium complanatum elongatum 
Vict. Contr. Lab.:Bot. Univ. Montreal 3:72. 1929 


Leaves of uniform length all the way around the stem... 
Dorsal and ventral leaves shorter than the lateral........ 
aes Selaginella apoda (L.) Spring. G 58; W 189 
34. Plants much branched, in ascending close tufts; grey- 
ish to blackish-green; leaves closely appressed. ... 

.. Selaginella rupestris (L.) Spring. G 57; W 187 

34, Plants loosely and remotely branched, spreading and 
prostrate ; yellowish-green ; leaves spreading...... 
eee eee Selaginella selaginoides (L.) Link. G 57 
Fertile and vegetative fronds entirely separate and con- 
spicuously unlike each other ......--..++sseeeeees 
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39. 


41. 


41. 


43. 


Not differentiated into separate vegetative and fertile 
fronds, or if so, they are not conspicuously different 
from each other: o.4 ca ite sree ere ee errr 

36. Stipe of fertile frond clothed with a dense brown 

tomentum. Vegetative fronds also have more or 
less of this tomentum 4200 4.0 0-9 e i eee ie ie 
Seater Osmunda cinnamomea L. G 47; W 41 

36. Stipe of fertile frond not as above .........--++++- 

Fertile frond 2-pinnates 1.0.2: des. se ee 

Fertile frond 1-pinnate to 2-pinnatifid but not 2-pinnate. . 
auc es Pteretis nodulosa (Mx.) Nieuwl. (Onoclea 
Struthiopteris in Gray Man. Zed.) G 45; W 83 

38. Fertile pinnae 5 pairs, each pinna 2-3 mm long...... 

Cyr ee ee Schizea pusilla Pursh. G 46; W 45 

38. Fertile pinnae more than 5 PATS, each pinna 20 mm 

long or longer oy ote es eo a Geen eno 


Individual fronds composed of both entirely vegetative and 
entirely fertile pinnae or subdivisions .............. 
Sori borne on the backs of otherwise vegetative fronds, 
i. e. pinnae not differentiated as above ......07.... 
40. Vegetative segment of frond simple, i. e. not divided 
imta separate pinnae oo ere eee eee me eee 
40. Vegetative segment of frond compound, i. e. divided 
into separate or nearly separate pinnae .......... 
Vegetative segment rounded or obtuse at the apex; prin- 
cipal veins forming a loose network whose meshes are 
nearly devoid of-secondary veins .3...0%s. . 05 sj. ods 
it ane eet aes Ophioglossum vulgatum L. G 47; W 33 
Vegetative segment cuspidate at the apex: principal veins 
forming meshes, which include a fine secondary mesh- 
work. ..Ophioglossum engelmanni Prantl. G 47; W 35 
42, Fertile segment distant, above the vegetative....... 
42. Fertile segment merely the contracted terminal portion 
of the otherwise vegetative frond ............... 
42. Fertile pinnae in the middle portion of the frond, veg- 
-etative pinnae both above and below the fertile. . 
SNES oRocen eho Osmunda claytoniana L. G 47; W 39 
Frond, 2-pianates scuis 1 os. Polystichum braunii purshii 
Fern. (P. braunii in Gray Man. Zed.) G 41; W 121 
146 


39} 


37) 


47. 


47. 


49, 


49. 


Esr@mclgis pinitiatemmery eee eet aitasthtwvinS sec hokwlale.n soa 4 
44. Fertile pinnae much contracted; vegetative pinnae 
iwiesrs lanceolate ase) aa fetes Polystichum 
acrostichoides (Mx.) Schott. G 40; W_ 123 

44, Fertile pinnae similar to the vegetative; vegetative 
pinnae lanceolate-scythe-shape ...............0.. 

Seiye facet Polystichum lonchitis (L.) Roth. G 40 

Stipe not fleshy ; pinnules with entire or minutely serrulate 
qiQeer eet sree erty oe Osmunda regalis spectabilis (Willd. ) 
Gray. (O. regalis in Gray Man. 7ed.) G 46; W 37 
Stipe fleshy; pinnules (i. e. the ultimate divisions of the 


vegetative frond) toothed on their margins .......... 
46. Fertile segment of the frond arising from near the 
Perse OMe m@ Di Gto sae wan te ree ting aes 8 

46. Fertile segment arising well above the base of the 
PUA Tete SS Sc Aa see oe ee eat 

. Ultimate subdivisions of vegetative segment ovate-oblong 
foLincepiate pactiiewat vince ApeK ..A0 ne cons s4hs cs 
Ultimate subdivisions of the vegetative segment ovate or 
GUOVALC MDD LLISCMRE EN tcc cet ar en eee calcd 
Ultimate subdivisions of vegetative segment broadly ob- 
lone; obttse of rounded) at apex .0.. 0. see ete as 


..Botrychium dissectum oneidense (Gilbert) Farwell. 
(B. obliquum oncidense in Gray Man. 7ed.) G 49; W 21 

48. Ultimate subdivisions of vegetative segment incisely 
many-toothed to finely lacerate .......... Botry- 
chium dissectum Spreng. (B. obliquum dissectum 
(Spreng.) Clute in Gray Man. Zed.) G 48; W 23 

48. Ultimate subdivisions entire, crenate, serrate, or ser- 
rulate,(notia@ucised or lacetate ai wild en saa ate os 
Vegetative segment strictly bi-ternate, lax and mem- 
branous; margins of ultimate divisions conspicuously 
serrate. .Botrychium dissectum tenuifolium (Underw.) 
Farwell. Mem. Torr. Bot. Cl. 19:49. 1938. W 21 
Vegetative segment variously de-compound, somewhat 
leathery in appearance; margins of ultimate subdivi- 
Siens entire OF CrEnate 1, wee hs cai ieee elatc2eta nd» se 
eer ts Botrychium dissectum obliquum (Muhl.) Clute 
(B. obliquum Muhl. in Gray Man. 7ed.) G 48; W 21 
50. Vegetative segment 1-8 cm broad, its ultimate sub- 
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49 
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D3 


DD 


22. 


57. 


ay 


divisions crowded and overlapping ....Botrychium 
multifidum (S. G. Gmel.) Rupr. (B. ternatum 
rutaefolium in Gray Man. 7ed.) G 49; W 19 
50. Vegetative segment 3-21 cm broad, its ultimate sub- 
divisions remote and not over-lapping. .Botrychium 
multifidum silaifolium (Presl.) Broun (B. terna- 
tum intermedium in Gray Man. Zed.) G 49; W 19 
Vegetative segment entire to 2-pinnate ................ 


Vegetative segment 3-4-pinnate .......5.....-...+.-- 
52. Vegetative segment entire to l-pinnate ............ 
52. Vegetative segment 2-pinnatifid to 2-pinnate...... 


Veins of the pinnules radiating from the base and repeat- 
edly forking; pinnules fan-shaped, all alike........ 
Veins of the pinnules all forking from the base; pinnules 
roundish-ebovate, dissimilar G......... sees os ees 
54. Vegetative segment sessile or subsessile; ultimate sub- 
civisions proximate Or remote a. .ct< cyan 

54. Vegetative segment decidedly stalked; ultimate sub- 
divisions remote .n.56 os ce ee Botrychium 
lunaria onondagense (Underw.) House. G 48 
Vegetative segment inserted below the middle of the plant ; 
ultimate subdivisions nearly circular .............. 
Oe Pe ee oe Botrychium lunaria mingan- 
ense ( Vict.) Dole. Mem. Torr. Bot. Cl. 19:67. 1938 
Vegetative segment inserted at the middle; ultimate sub- 
divisions comprising little over half-circles .......... 
Seg Ne Paar Botrychium lunaria (L.) Sw. G 48 

56. Plant stout and leathery ; vegetative segment inseted at 
or below the middle of the plant; ultimate subdivi- 

Slons: proxinmte*on. Gverlappincaeamesn eee eee 

tes fee Botrychium simplex Hitche. G 48; W 29 

56. Plant lax and membranous; vegetative segment in- 
serted at or above the middle of the plant; ultimate 
subdiyisioniscr emotes. ini eee week nee 
Vegetative segment inserted near the middle of the plant: 
plant of idry: woodlarids p: ay aye eee eee 

at sattngeeaty ae Botrychium simplex laxifolium Clausen. 
Vegetative segment inserted toward the summit of the 
plant ; plant of swamps and wet woods 
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59. 


61. 


61. 


63. 


Bs. 


Botrychium simplex tenebrosum (A. A. Eaton) Clausen 
(included in B. simplex in Gray Man. 7ed.) G48; W 29 
58. Vegetative segment inserted at summit of plant, ses- 
Ue eres Se Pe eh FR eT ra cg 8s Oe 
58. Vegetative segment inserted at some distance below 
Chetsummnnteor the plaritwuG, cas. ie. wick 

Bots ct gee ....Botrychium matricariaefolium A Br. 
(B. ramosum in Gray Man. 7ed.) G 48; W 27 
Plants stout and fleshy; subdivisions of vegetative seg- 
ieeneel ae Te WAGE) ie eel. weal oc Sle Botrychium 
lanceolatum (S. G. Gmel.) Angstrom. (Included in G. 

I. angustisegmentum in Gray Man. 7ed.) G 48; W 25 
Plants lax and membranous; subdivisions of vegetative 
Sevmienitel 2 oaivitgWwiGe. "5... roo cua a eas ss 
PE ee Sane Botrychium lanceolatum angustisegmen- 
tum Pease and Moore (See note above) G 48; W 25 
60. Vegetative segment lax and membranous; pinnae di- 
vided to midrib; ultimate subdivisions not over- 
Ace Ber eee A re ie Ne Nee een Pee Se Ve 
..Botrychium virginianum (L) Sw. G 49; W 3l 
60. Vegetative segment compact and leathery; pinnae not 
divided to midrib: ultimate subdivisions often 
Cowded and Overlappilig eres Ss elas ba 
Sik pie Botrychium virginianum europaeum Ang- 

strom. Mem. Torr. Bot Cl. 19:101. 1938. 
Sori not covered with an indusium; or indusium may drop 
Wihlethe FOU s, peta ree Som + EAS ete ae ih, SSM 
Sori covered with an indusium. (Forms in which the in- 
dusium drops when young may be sought either here or 

in the preceding subdivision of this step in the key.).. 


62. Fronds 1-pinnatifid ...... pe tee cee ee 
625) Pronds. 1-4 -pimnate. $e eae oe dal. 6 ae as Se 
Fronds greyish, covered with peltate scales on ventral sur- 

ce I RS Ba BPE woo ep 


..Polypodium polypodioides michauxianum Weatherby 

(Contr. Gray Herb. 124:31. 1939) G. 34; W 159 

Fronds green, ventral surface not covered with peltate 

scales: ata teh See one Polypodium virgimianum 

~L. (P. vulgare in Gray Man. 7ed.) G 34; W 159 

64. Lower surface of frond hairy, tomentose, or covered 
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65. 
65. 


67. 


67. 


69. 


69. 


7A: 
vA 


7. 


73 


75% 


with a white waxy powder i 0.2.5 20-2 0255 = 

a ee Notholaena dealbata (Pursh) Kuntze. G 35 

64. Frond green on both surfaces .........+.-+e esses 
Rachis conspicuously winged between the pinnae ........ 
Rachis not winged between the pinnae .-.........+...- 
66.-Frond longer than wide... 7... cme s see eke os = 
....Phegopteris polypodioides Fee. G 35; W 151 

66. Frond ‘wider than long Mie .07 eee se Pheg- 
opteris hexagonoptera (Mx.) Fee..G 35; W 153 
Frond ternate, i. e. branched into three essentially equal 
Sti Visions wees oe ooh eee ee ene eel tree ce te 
Frond not ternate, linear to lanceolate in outline ........ 
68, . Fronds’ minutely glandular © ac 2.s sce ones 
....Phegopteris robertiana (Hoffm.) A. Br. G 35 

63.) Fronds not plandiiat .. sccm. te sce eae eee 
..Phegopteris dryopteris (L.) Fee. G 35; W 155 

Stipe, rachis, and ventral side of the midvein of the pin- 


nae, minutely cha liv 6 2s ue ce as eas siesta 
Stipe, rachis, and ventral side of the midvein of the pin- 
naenwithout conspicuous chalf i 42..2.0-se ee 
70. Indusium false, i. e. formed from the revolute margin 
ob the ) fromd. ow wc wed abodes antwes ey ek oman s © arcs 

70. Indusium true, i. e. not formed from the revolute mar- 
SWOT the tOnG sone: ye ue ee eee «ee 


Sori forming a more or less continuous marginal band... 
Sori not forming a continuous marginal band 
72. Stipe and rachis blackish or purplish 
42.) stipevand. rachis. chestnut: brown 24 ovideev ad vedas ce 
72. Stipe and rachis straw-color or greenish 
Stipe and rachis smooth, without scales ................ 
Stipe and rachis either rough or with scales or both .... 
74. Upper surface of pinnules densely pubescent or to- 

mentose or with numerous scales which are not 

limited jtovthetmiklvein An Ay uote. ee 
74. Upper surface of pinnules entirely glabrous or with 

occasional scales on the midvein ................ 

....Pellaea atropurpurea (L.) Link. G 37; W 59 
Lower surface of pinnules white and powdery .......... 


be Hakee Notholaena dealbata (Pursh) Kuntze. G 35 
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127 


121 


71 


89 
ree 
84 
73 
76 
80 
75 
74 


76 


75. 


ig 


He 


79. 


79. 


81. 


81. 


p83. 


Lower surface of pinnules not white and DOW Get y anes: 
Reena eg ee at a, ee Pellaea glabella Mett. W 61 
70." Fronds. woolly or tomentose. ./2..0.¢..... 00 622" 
76. Fronds smooth or pubescent but neither woolly nor 
ROCHE ECO EY mi ne Seas) AQ res A OT aa 
Plants low; frond (blade plus stipe) 8-17 cm long; the 
first and second pair of pinnae conspicuously farther 
apatetanithe second and third pair <.. 60) s.6. 0 
ee Serre ae cite ae ee Cheilanthes feet Moore. G 36 
Plants taller; frond 1.5-5 dm long; the lowest two pairs 
of pinnae about the same distance apart as the second 
ASIC PECL RTARTA rere: Cis nce oie! oo 
Ditucntae sees & Chewanthes tomentosa Link. G 36; W 65 

Pore iOnds rstaootll, foci eee eee. bo fc eT oS Cheil- 
anthes alabamensits (Buckley) Kunze. G 36; W 67 

foom Hrordse pubescent ote hirstiiet-. >, 6.5). acta aes 
Blade‘ of frond ovate-triangular; pinnules recurved over 
the sori giving appearance of a slender pod.......... 
Ree ie PU Sires ao Sh PAY Cheilanthes siliquosa 
Maxon. (Cryptogramma densa in Gray Man. 7ed.) G 37 
Blade of frond lanceolate-oblong ; pinnules recurved over 
sori giving appearance of minute separate pocket-like 
imdusia. Hot pod-like ie appearance. 4. [less oes 
..Cheilanthes lanosa, (Mx.) D. C. Eaton. G 36; W 63 
80. Fronds ternate, not dimorphic; pinnules flat, not 


LEVON Re eran eee Meh oa ae eee ws Nee 

80. Fronds not ternate, strongly dimorphic; pinnules re- 
volute forming pod-like structures .............. 
Pinnules densely woolly beneath........ Pteridium aquil- 
inum lanuginosum (Bong.) Fern. Rhodora 37 :247, 
Pinnules not densely woolly beneath .................. 


82. Pinnules very long, narrow and distant ............ 
Re rican kee ce ae ea Pteridium latius- 


culum pseudocaudata (Clute) Maxon. G 36; W 55 

82. Pinnules not conspicuously narrow in proportion to 
their width; not conspicuously distant .......... 
_.Pteridium latiusculum (Desv.) Hieron. (Pteris 

aquilina in Gray Man. 7ed.) G 36; W 55 
Pinnules of fertile frond linear; those of vegetative frond 
Gyate-OblONe 225k ye where eee ee cee as Cryp- 
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78 


79 


81 


83 


82 


83. 


85. 


85. 


87. 


87. 


89. 


89. 


91, 
on 


togramma crispa acrostichoides (R. Br.) C. B. 
Clarke (C. acrostichoides in Gray Man. Zed.) G 37 
Pinnules of fertile frond lanceolate to linear-lanceolate ; 
those of the vegetative frond ovate to obovate or fan- 
SHAPE” are deacons Fes © seis ee Mes ole iru pees barnes a ar 
..Cryptogramma stelleri (Gmel.) Prantl. G 37; W 57 
84. Pinnules more or less revolute over the sori ...... 
84. Pinnules flat, not rolled back over the sori ........ 
Sori small, globular at the apex of free_veins, appearing 
aS if raised upon-a-pedestal S, 4.2 tan cue qed se 
a eee Ss Dennstaedtia punctilobula (Mx.) 
Moore. (Dicksonia in Gray Man. Zed.) G 45; W 49 
Sori oblong or somewhat crescent-shape, not appearing as 
if raised <uponras pedestal ers ee ei ee ee 
86> Frond with one continuous main rachis .......... 


86. Rachis forked at the sumnutorsthe stipe 72). 42.22- 
Primary subdivisions of the rachis 2, each bearing 3-10 

OPeATIOFE) PITT AGere ee smirks Se aes how hs eee 
Primary subdivisions of the rachis 3, giving the frond a 


ternatesaSpec tu ites tector Adiantum pedatum 
tripartitum Farw. Amer. Fern. Jour. 27:12. 1937 
88. Sori markedly crescent-shape ....Adiantum pedatum 


aleuticum Rupr. Clute, Our Ferns p. 298. 1938 

88. SOn s0t strongly erescent-shape ja.) tyros ek 
are, eee Adiantum pedatum L. G 35; W 53 
Fronds pellucid, i. e. clear and transparent, consisting of 
acsingle va Vel Ob sCClls sca deh ec sala rear eee ener 
ee ae Trichomanes boschianum Sturm. G 33 
Fronds not pellucid, with more than one layer of cells. ... 
90. Sori more or less elongated (at least slightly longer 
than wide) straight or ctirved .....02¢.0.800 058. 

90.. Sori more or less rounded, not confluent .....,.... 
90. Sori rounded when young, confluent when mature. .. 
Veins reticulated, i. e. forming-a network ...........<-. 
Veins free, i. e. not forming a network (occasionally a 
TOW gVeINSa Teli culated.) game. ea ee ge ee 
92. Sori parallel to the midvein of the pinnule, forming 
chain-like rows on either side of midvein ........ 

92. Sori scattered, some parallel with the midvein and 
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76 
85 


86 


87 


88 


90 
91 
120 
43 
92 
94 


93 


o3: 


93. 


D5. 


D5. 


Of 


My 


9. 
O9. 


101. 


101. 


103. 


103. 


some parallel with lateral veins ......0......44. 


-Camptosorus rhizophyllus (L.) Link. G 40; W 113 


Bromdsepinuste wt ese) eT Anchistea virginica (L.) 
Presl. (Woodwardia in Gray Man. Zed.) G 38; W 117 
Pronds pinnatitid °:75...5 40,5 Lorinseria areolata (L.) 


Presl. (Woodwardia in Gray Man. 7ed.) G 38; W 119 
94. Sori confluent in pairs; frond entire or merely un- 
CU emer rate eer miners. St Memes A ge o's, 

94. Sori not confluent in pairs; frond 1-pinnatifid to 
Nee ets ee me Re ee 2, 

Sori occurring throughout most of the length of the 
frond ..Phyllitis scolopendrium (L.) Newman (Scolo- 
pendrium vulgare in Gray Man. 7ed.) G 40; W 115 
Sori limited to the upper half of the frond...... Phyllitis 
scolopendrium americana Fern. Rhodora 37 :220. 1935 
96. Stipe black or purplish, or shining brown (not dull 
SORE GCE 6 Wie eae AeA ak 

96. Stipe green, straw-color, or dull brown ............ 
Frond pinnatifid, or if pinnate, only so at base .......... 
Pee he ee. Asplenosorus ebenoides (Scott) Wherry. 
(Asplenium ebenoides in Gray Man. 7ed.) G 38; W 111 

ee ene Ete CIELO Mees ee ete, POT. Pee FG ea eee nos 
98. At least the lower pinnae more or less auricled ..... 
mE AIMEE CE ANTAL naa Pate td Cet 2 oP cane oe Saas. oe 
Lower punse more or less pinnatifid’ :. 02a... 2. 
Qe DiMAe MOIEIALICTG Sood asc. eee oS ee aia iocd os lyeal's Pale 
100. Margins of pinnae serrate or dentate............ 
....Asplenium bradleyi D. C. Eaton. G 39; W 99 

100 Margins Or pinnae crenate =. 2. ves X Asplenium 
stotleri Wherry (A hybrid, A. pimnatifidum x 

A. platyneuron) Amer. Fern Jour. 15:52. 1925 


Rachis green, different in color from stipe... .Ashlenium 
kentuckiense McCoy. Am. Fern Jour. 26:104. 1936 
Rachis black and shining, same as stipe ..........+---. 


102. Pinnae mostly opposite ..Asplenium resilens Kunze 
(A. parvulum in Gray Man. 7ed.) G 39; W 95 

102. Pinnae ‘mostly alternate 7.2.2.2... 55+. e ees 
Median pinnae 1-3 cm long; sori confluent in age ........ 
....Asplenium platyneuron (L.) Oakes. G 38; W 97 


Median pinnae 5-8 cm long; sori not confluent in age. ... 
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96 


97. 
105 


98 
99 
104 
100 
101 


102 


103 


105; 
105. 


107. 
107. 


109. 


109. 


111. 
111. 


veveeeeee +. Asplenium platyneuron bacculum-rubrum 
(Featherm) Fern. Rhodora 37 :382. 1935 ; 38 :304. 1936 
104. Rachis black. Asplenium trichomanes L. G 38; W 93 
104. Rachis green..XAsplenium gravesii Maxon. W 109 


Frond (blade plus stipe) short, 3-25 cm long........... 106 

Frond long, 4-I[5vdintlong) 2. ame ae 110 

106. Blade pinnatifid, or pinnate at base only.......... 107 
106.. Blade I-pinnaté throughout {20-1 eee er. 
ee CRS cet ae Asplenium viride Huds. G 38 

106. Blade -2-4=pinhatemeeo © eae eee 108 

Blade pinnate in lower half, pinnatifid in upper half..... 107a 
Blade pinnatifid throughout, not at all pinnate.......... 
Mi Tae Ps Asplenium pinnatifidum Nutt. G 38; W 107 
107a:, Lowermost pinnae mostly opposite ............-.. 


Da ee eee X Asplenium trudellii Wherry W 105 
107a. Lowermost pinnae mostly alternate .............. 
ae Asplenosorus inexpéctatus Braun (Braun, 
E. Lucey, Amer: Fern Jour: 29:133-135., 1939. 
Above name supplied in private correspondence 
by Miss Braun and here used for the first time.) 
108. Stipe brown below, green above,........./...... 
SRO Asplenium montanum Willd. G 39; W 103 
108, .Stipel greenathroushout: 2. ce. a eee eee oes 109 
Pinnae lanceolate with incised margins and long attenuate 
{iS Se coh Serre = iy ee eh Asplen- 
ium cryptolepis ohionis Fern. Rhodora 30:43. 1928 
Pinnae narrowly cuneate to roundish-obovate, not at all 
ATEENUALE Seve reka oi & STi) aS olan an ch geen eee orem 
Rae et Asplenium cryptolepis Fern. G 39; W 101 
110% Brondlepindates 2 so eee eee Diplazium 
pycnocarpon (Spreng.) Broun (Asplenium ang- 
ustifolum in Gray Man. Zed.) G 39; W 85 
110.- Krond @-picinatifid © cas ieee eae Diplazium 
thelypteroides (Mx.) Presl. (Asplenium acros- 
tichoides in Gray Man. 7ed.) G 39; W 87 
L102 Frond22pinnatcmes eke 2.0 eee ee ee Thi 
Econds scoriaceciis meni Meeiree nL Wane 112 
Fronds herbaceous, mot coriaceous. ...-.....7..+c. 2.0. 113 
112. Fronds 2-pinnate to somewhat 3-pinnatifid ; ultimate 


subdivisions mostly approximate; sori median or 
154 


Ris: 


113: 


11S: 


15; 


417: 


117; 


Wie 


SUD MeCCI Ais Reeve er hate et Athyrium 
alpestre (Hoppe) Rylands. Rhodora 30:48. 1928 

112 Fronds 3-pinnate to 4-pinnatifid; ultimate subdivi- 
sions distant; sori chiefly submarginal. . Athyrium 
alpestre gaspense Fern. Rhodora 30:48. 1928 

Stipe very short, densely clothed with persistent scales; 
sori only slightly longer than wide ................ 

its rag fae oh ORE: he ae 5 aE Athyrium filixfoemina 
sitchense Rupr. Moore, Index Filicum 183. 1860 
Stipe 0.25 to 2 times the length of the blade; scales few 
and early deciduous; sori definitely longer than wide. . 
114. Blade widest nearer the base than the middle; the 
second pair of pinnae only slightly shorter than the 
EVID) SOSEE © ane os Fach ape eae ai mp Athy- 
rium asplenioides (Mx.) Eaton (Asplenium 

-  filix-foemina in Gray Man. 7ed.) G 40; W 91 
114. Blade widest near the middle; the lowermost pinnae 
Wed suoiter than theimedian 2.5.4.6 5c ess: 

Sori at maturity confluent over the lower surface of the 
Pena lemme ee teen re a ne. Rien, secu ats., >» 
POEL at MIAtitiLy NOt COMLIMENT 6 crores one Boies Fos 0-8 8s 
116. Fertile pinnules deeply and sharply toothed, acute. . 
MT Ao, RO tre eh Air ke ese 8 Athyrium angusium 
boreale Jennings. Am. Fern Jour. 8:82. 1918 

116. Fertile pinnules shallow-toothed, obtuse ......... 
Lowest pinnae of fertile frond 5-12 cm long; pinnules 
Mele eet LOU: SUN PIC eh oa cfs sis gtr ho ole arieteve ea 2 ho 
ee ures Athyrium angustum (Willd.) Presl. (Asplen- 
ium filix-foemina in Gray Man. 7ed.) G 41; W 89 
Lowest pinnae of fertile frond 10-20 cm long; pinnules 
12-25 mm long, pinnatifid....... Athyrium angustum 
elatium (Link) Butters. Rhodora 19:191. 1917 
118. Pinnules lanceolate; membranous wing along rachis 
of pinnae obscure or wanting .......+.-+-++.+-- 

118. Pinnules oblong; membranous wing along rachis of 
pinnae strongly developed... . Athyrium angustum 
laurentianum Butters. Rhodora 19:194. 1917 
Indusia long-ciliate; pinnules sharply acute ...........- 
Rene ef 2s re Athyrium angustum glanduli- 
ferum Jennings. Am. Fern Jour. 8:82. 1918 
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116 
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119 


119. 


Wale 
i221. 


123. 
123. 


125: 


125, 


i273 


Indusia obscurely ciliate; pinnules only subacute......... 
ee ere cr or cet Athyrium angustum 
rubellum (Gilb.) Butt. Rhodora 19:193. 1917 

120. Indusia attached by one side) -2- ee... sma 

120. Indusia attached at 2 or more points beneath the 

sporangia, i, €- indusia inferior .-- 2577-27 os 

120: Indusia attached by its centers. rarer ea 

Fronds ovate-lanceolate to oblong-lanceolate, 2-3-pinnate. . 

Fronds deltoid-ovate, 3-4-pinnate....Cystopteris montana 
(Lam.) Bernh. Underwood, Our Nat. Ferns 6ed. p119 

122. Blade 1-3 dm long, not attenuate; pinnae decurrent 

on: the winged -tachic ws Sse. teats eee 

122. Blade 3-8 dm long, attenuate; pinnae not decurrent 

on the wingless rachis; often bearing bulblets on 
back of rachis vez se. me saoitien ame ol erie 
..Cystopteris bulbifera (L.) Bernh. G 43; W 79 

Basal pinnulés of lJowér<pinnae séssile-...1. = i... 228 qactae 

Basal pinnules of lower pinnae with a definite margined 
Detioliles. fac S sugd cus asg cen ayy os cake aaa ems amie ane 
eet Cystopteris fragilis protrusa Weatherby. W 77 

124. Basal pinnules of lower pinnae unevenly cuneate at 

base, from nearly orbicular to deltoid-lanceolate ; 
indusium relatively large, up to 1 mm long, more 
or. less deeply clettialcapex 22 <o..5 een are see 

124. Basal pinnules of lower pinnae evenly cuneate at 

base, oblong to obovate, or lanceolate to oblong- 
lanceolate ; indusium about 0.5 mm long, shallowly 
lobedsor- neatly entires . «dc. nie eee 

..Cystopteris fragilis mackayit Lawson. W. 75 

Plant about 2.5 dm high; indusium glabrous ........... 
5 ieee eee: Cystopteris fragilis (L.) Bernh. G 43; W 75 

Plant larger, up to 5 dm high; indusium sparsely and mi- 
nutely glandular on the back ...... Cystopteris fragilis 
laurentianum Weatherby. Rhodora 37. 375. 1937 

126. Indusium cup-shape, its margin only shallowly cut. 

mera. Dennstaedtia punctilobula (Mx.) itsoke 
(Dicksonia in Gray Man. 7ed.) G 44; W 49 
126. Indusium cut into numerous narrow segments 
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126 


133 


122 


123 


124 


125 


127] 


Stipe obscurely articulated some distance above the base — 


(observed as a dark irregular ring encircling the stipe) . 
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£29; 


229, 


£31. 


131. 


ees 
SRS 


135. 


£35. 


Sipertot articulated mie meee tl anges Oo. veces 
128. Stipe and ventral surface of blade densely rusty- 
SEC ESS ctu ras Rint 0 ee ne a ee 


SRS Woodsia ilvensis (L.) R. Br. G 44; W 69 
128. Stipe and ventral surface of blade not densely rusty- 


chatsy wlabrous or nearly:so.s5.4..S00NNee ea. 

Blades oblong-lanceolate, 16-24 mm wide .............. 
eee W oodsia, alpina (Bolton) S. F. Gray. G 44 
Dadar nesters Gertie wide v0. S49. Sie amen hs sf 
OG! ote. ah eee ee eee Woodsia glabella R. Br. G 44 
130. Blade minutely glandular-puberulent ............ 
130 we lade entirely sclabrousi ioc uses siseenew es «el 2 
Behe chara Woodsia oregana D. C. Eaton. G 44 


Blades2-pinnate, to05-pinnatifid er ve. iin Ss Sd 3 cho 
eee ors Woodsia obtusa (Spreng.) Torr. G 44; W 71 
Binge, -pantate 10.2 -pinaatitid ». 1.5 dot nak bon MS wd 
132. Blade loosely hispidulous with jointed white hairs. . 
...-Woodsia scopulina D. C. Eaton. G 44; W 73 

Foie Ae rae SENOS oo 8. 2 oc). ut ok 3 wkd Sey 
re eed este Woodsia cathcartiana Robinson. G 44 

Riri issitenl ostiTIC P wi tOUE A SINUS ncxk soos oe eg ee os 
Indusium round or reniform, with a sinus.............. 
134. Lowest veins on each pinnule simple or once-forked. 
134, Lowest veins more than once-forked ............. 
Lower pinnae gradually decreasing in size until the lowest 
ALeMVer ye sitiall @ eee c oie MOS I aeit OM Dee 2 tT net ager aie 
..Dryopteris noveboracensis (L.) Gray (Aspidium in 
Gray Man. 7ed.; Thelypteris in Wherry) G 41; W 149 
Lower pinnae equal or somewhat smaller than the median 
but not becoming less than '%4 the length of the 
ICCTA Fc aie Pc eres Ai SUNN ols Sin ben go Me iene pret 
TSG FIM ting: VEISESiPlS Coes oe woe eo aca ois ee 8, be ae 8 
eet Dryopteris simulata Davenp. (Aspidium in 

Gray Man.; Thelypteris in Wherry) G 41; W 147 

136. Fruiting veins once-forked ........ Dryepteris the- 
lypteris pubescens (Laws.) Prince (Aspidium in 

Gray Man.; Thelypteris in Wherry) G 41; W 145 

Pinnae 40-60, very small, 4-8 mm broad .............-. 
Pinnae fewer, larger, 1.2-9 cm broad .........-..++005- 


138. Pinnules crowded, lower surface of blade covered 
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132 


43 
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138 
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139. 


141. 


141. 


143. 
143. 


145. 


145. 


147. 
147. 


with scalesa aay cies ee Dryopteris fragrans 

(L.) Schott (Aspidium in Gray Man. 7ed.) G 42 

138. Pinnules subremote, lower surface of blade sparsely 
Scaly: cs geo) + ieee aoc Dryopteris fra- 

grans remotiuscula Komarov. Rhodora 25:3. 1923 

Sofi iat oial ee Dryopteris marginalis (L.) Gray 
(Aspidium in Gray Man. 7ed.) G. 42; W 131 
Sori? not: mareinal sie van foo aes he eee rege See ee ee 
140. Basal scales lance-linear, caudate-attenuate........ 
DM Neca ean ae core Dryopteris filix-mas 

(L.) Schott (Aspidium in Gray Man. Zed.) G 42 

140. Basal scales lance-oblong, ovate-oblong, or deltoid, 
not attenuate 


Basal scales thick and firm, deep chestnut-brown ...... 
OF Re oe arena ts Dryopteris -goldianum (Hook.) 
Gray. (Aspidium in Gray Man. 7ed.) G 42; W 133 

Basal scales thin, membranous, light-brown 

142. Blades 2-pinnatifid to 2-pinnate 

142. Blades 3-pinnatifid to 4-pinnate 


fe See Yo, (ee; (61-6 epite) ferme catiies (O)l's 


lodusitumelandular-puberulemt. mu cey. sete ee a eee 
Indusium not glandular-puberulent 22... 2.06.02. 
144. Marginal teeth of pinnules spreading; sori about 1.2 
UW ERM UGELG EET Ie ok gan om ae POMR NE Se ONE aa yore Gn on 

Berit ae eee Dryopteris bootw (Tucerm.) Underw. 
(Aspidium in Gray Man. Zed.) G 42; W 139 

144. Marginal teeth of pinnules incurved; sori 1.5-1.8 
TUN UL ammeter. dees to 2 we Sakcends (tena rene 

Oni Neat. the. muvee wae oe ome ete Dryopteris 
clintoniana (D. C. Eaton) Dowell. (Aspidium crist- 
atum clintonianum in Gray Man. Zed.) G 42; W 135 
Sori about half-way between midvein and margin........ 
....Dryopteris clintoniana australis Wherry. W 135 
146. Blade conspicuously narrowed at the base......... 
Sateen Ae MDa otk aie Dryopteris cristata (L.) 

Gray (Aspidium in Gray Man. Zed.) G 42; W 137 

146. Blade scarcely or not at all narrowed at base 
Lobes of pinnules incurved-serrate 
Lobes of pinnules spinulose-dentate .................. 
148. The first pair of pinnules on the upper and lower 
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149. 


149. 


£54) 


£51. 


1533 
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sides of the lowermost pinnae nearly opposite, 
fretyemore tuau 44min apart ),.uc0)....2..,0 

148. The first pair of pinnules on the upper and lower 
sides of the lowermost pinnae 0.5-2 cm apart, 

the pinnule on the lower side farthest from the 

rachis and usually exceeding the pinnule next to 

ye Faia Re ee aah icin «eugene Rae © oc ends 

Midrib of pinnae not glandular; indusia not glandular; 
the first pinnule on the lower side of the lowermost 
pinnae longer than the one next to it .............. 
MTS SL ths 2 Dryopteris spinulosa (Mueller) 
Watt. (Aspidium in Gray Man. 7ed.) G 43; W 127 
Midrib of pinnae glandular near their bases; indusia 
glandular; the first pinnule on the lower side of the 
lowermost pinnae not longer than the one next to it... 
150. Pinnae tending to be set at right angles to the rachis 
and to taper abruptly to a long narrow point.... 

A ee a rane «fe en ak Dryopteris 
intermedia (Muhl.) Gray (Aspidium spinulosum 
intermedium in Gray Man. Zed.) G 43; W 125 

150. Rachis of pinnae forming an acute angle with the 
primary rachis of the blade, pinnae not abruptly 
narrowed a) ther tips 2.4... 222% Gantt Dryopteris 
intermedia fructuosa (Gilbert) Wherry. W 125 

Blade 4-pinnatifid below; pinnules of the second order 
on the lower side of the lowermost pinnae about twice 

as long as those on the upper side of the same pinnae ; 
indusium glabrous or sparsely glandular ............ 
..Dryopteris campyloptera (Kunze) Clarkson. W 129 
Blade 3-pinnate ; pinnules not as above ; indusium glandular 
(known only from Concord, Mass., and York Co., 
LE) dor GS OC OR OO I RE eee 
Ste ee ee Dryopteris intermedia concordiana (Aspidium 
spinulosum concordiana in Gray Man. 7ed.) G 43 
152. Vegetative and fertile stems conspicuously unlike... 
152. Vegetative and fertile stems essentially similar in 
APPCATACes tse naa MEE else eure ony ohtae sat 
Vegetative branches simple ........-.--+e++eee tere ees 
Vegetative branches compound .......-+++-++-++seees 
154. Vegetative branches 1-1.5 mm wide ; sheaths of vege- 
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156 


155; 
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15/7. 
1375 


159. 


159. 


161. 
161. 


163. 
163. 


tative branches 4-toothed ...........---.++++-- 

154. Vegetative branches 0.3-0.6 mm wide; sheaths 3- 
toothed, <c@isc's 6 sols kesaiess op aera eaten © Rect ae 
eat: Equisetum pratense Ehrh. G 52; W 209 
Vegetative branches spreading; teeth of sheaths on vege- 
tative branches green or greyish ....4.5<.-20." -s--5 


ih Mec ay toes Equisetum arvense L. G 52; W 211 
Vegetative branches ascending or erect; teeth of sheaths 
Dlackish Aides 45. eee enters oie a ese ee Equisetum 


arvense boreale (Bong) Rupr. Fern Bull. 7:86. 1899 
156. Vegetative branches rough to the touch.......... 
ie aa ren aie Equisetum sylvaticum L. G 52; W 207 

156. Vegetative branches smooth to the touch.......... 
Or eae ee ee Equisetum  sylvaticum 
pauciramosum Milde. Rhodora 20:131. 1918 

Cone or strobilus not tipped with a rigid point.......... 
Cone or strobilus tipped with a rigid point ..........°. 
158%) Erect stems -unbranciicd.: a7 5 27 eee oe Equsetum 
kansanum Schaffner. Ohio Nat. 13:21. 1912. 

Ube. erect. steriss Draniched, save ears the vane ae 
Sheaths appressed; teeth of sheaths 18, dark brown..... 
BRC = SA OE Equisetum fluviatile L. G 53; W 203 
Sheaths loose; teeth 8, with white margins 
Reet a ancha lie eR ter a Equisetum palustre ameri- 
cana Vict. (E. palustre in Gray Man.) G 52; W 205 
160. Aerial stems tall and many-grooved ............. 
160. Aerial stems low, tufted, 5-10-grooved 
Stems rough and tuberculate 
betas ot tubercti aterm. wet 2 ics Socks ee ree 
esha ad ae we Equisetum laevigatum A. Br. G 53; W 199 
loz Ridges olescent “0 ror more cues. Wee 
Bey Re, Se Equisetum prealtum Raf. (Included 

in FE, hyemale in Gray Man. 7ed.) G 53; W 197 

162. Ridges of stem less than 40 


@) ST -@ 4:70) 0) Bre 6. Le .w, el ole 18) ») 0) a) (0) 1, Be) @ 


eras ©) .0) 6) (ew) Is, [64 6) 0) ta 6.4/6) 8) \s) (whe ie) 16 


we sieiac neta ee Equisetum prealtum affine (Engelm.) 
Broun (£. h. affine in Gray Man.) G 53 
Sheaths 3-toothed........ Equisetum scirpoides Mx. G 54 


See Ske x¥ ee ene) 6 lee (018: ie \6) a. ei Mb eM©) Sive: okie, 6: (o) (61 (et (ai.5: Ve: 


164. Awn-pointed tips of sheaths deciduous........... 
164. Awn-pointed tips of sheath-teeth persistent 
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167. 
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169. 


169. 
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Se I ee ee Equisetum trachydon A. Br. 

(E. variegatum jesupi in Gray Man. 7ed.) G 54 

Ridges of internodes 2-angled with a broad central groove 
and a double row of tubercles ; sheath segments grooved 


SPOUT eu baseemat at. Mame ee en eS. ac 
ee eEne Equtsetum variegatum Schleich. G 54; W 201 
Ridges rounded; sheath segments grooved only at the 
upper end, the DaccerOundeae warts. et ee 


Ree ie eee Soy: Equisetum nelsoni (A. A. Eaton) 
Schaffner (E. v. nelsoni in Gray Man. Zed.) G 54 
166. Leaves without either bast bundles or stomata; 


plants permanently submersed ................ 
166. Leaves without bast bundles but with stomata; 
plants, partially submersed <...... Ts. sak 
166. Leaves with both bast bundles and stomata; plants 
emersed most of the growing season ........... 
Maes MUU MS EOUL HOLE egos Aes ops ee s,s A oats wae 
Mera eee PHC, Perv TeCurVved. va .f ce wits 6 ips he Ses 


168. Macrospores honeycomb-reticulated below. . ./soetes 
macrospora Durieu (I. hieroglyphica and I tucker- 
mann harveyi in Gray Man. Zed.) G 59; W 193 

168. Macrospores with distinct or anastomosing crests. 
Isoetes macrospora heterospora A. A. Eaton. G 59 
Peaves aout © itt 10 GIAMEED oes cae toa tees 
oe ee PE ee Isoetes tuckermanni A. Br. G 59 
Reaves ADOUL oO INAt-TM-MUAIMCLET sea er ascdeps owe Pnine viele oss 
Isoetes macrospora Durieu. G 59; W 193 
UU ea POAVER OT ECU se. a re ose nin ae ete ews mo 8 oes 
170. Leaves reddish or rarely olive-green.............. 
Macrospores armed with spines .......-..+-seseeeeees 
Si Teoh Tsoetes braunii Durieu (1. echinospora braunii 
and I. e. muricata in Gray Man. 7ed.) G 60; W 193 
Macrospores crested or warted but without spines....... 
Re La ae Tsoetes riparia Engelm. G 60; W 195 
172. Macrospores averaging 410 microns in diameter ; 
Wallwith Small Pisce seas 4 cee eee ees 
See Cag Isoetes foveolata A. A. Eaton. G 60 
172. Macrospores averaging 510 microns in diameter ; 
wall thin and irregular ...........-2 ee eeeeeees 
. Isoetes foveolata plenospora A. A. Eaton. G 60 
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173 


168 
169 


171 
172 


173% 


Wer 
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175. 


Leaves setaceous, plants of dry situations, rarely near 

Water 6 CCS Camm wat enans Isoetes butlerti Engelm. G 61 
Leaves not setaceous; plants growing in water ......... 
174. Leaves over 3 dm long; macrospores with longitud- 


inally-tolded ridges” coe ras i. eee > eee 
Poe Tee ne Isoetes eatont Dodge. G 60; W 193 


DOVE? So oon cleas a nb cee te cree ea ee 
Primary bast bundles 4, extra bundles near ees of 
ch Gaara eee ae ea PEPE Sy ae rs yal 4 


dence Tsoetes melanopoda Gay & Durieu. G 61; W 195 
Bast: bundles *4 without extras an).8 ee ee 
1/6 Macrospores, coarcelyecrestedue ee eee Isoetes 


riparia canadensis Engelm. (J. dodgei and 
I. d. robbinsu in Gray Man. 7ed.) G 61; W 193 


176. Macrosporestmerely reticulated my) ae oe ee 
hed te Tsoetes engelmanni A. Br. G 61; W 191 
176. Macrospores covered with short truncate single 
COLUMNS naa Isoetes gravest A. A. Eaton. G 61 
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A PHYTOSOCIOLOGICAL STUDY OF THE HER- 
BACEOUS PLANTS IN TWO TYPES OF FOR- 
ESTS IN CENTRAL INDIANA 


By JE. Porzcer anp Ray C. FrigsnER 


The North American deciduous forest was the most magnificent 
and one of the most extensive of any of the forest formations in 
this country, and Indiana is recognized as a region where this decid- 
uous forest was at its best. This forest was made more complex by ‘ 
the large number of species with wide range of potentiality for habi- 
tat sites, and which in turn has a significant influence on the her- 
baceous layer under the arboreal crown cover. The deciduous forest 
was always noted for its numerous flowering herbs, especially during 
the vernal aspect, but little quantitative work has been done to date 
on the phytosociological aspect of these herbs. Apparently little 
stress has been placed upon the seasonal behavior of these herbs in 
the two most prominent forest associations in the deciduous forest, 
viz. the beech-maple and oak-hickory. These two types of forests 
are sensitively balanced here in Indiana as pointed out (10) for 
Monroe County. This feature promised some interesting data with 
respect to the herb layer. For that reason the present paper con- 
cerned itself specifically with the herb layer in representative stands 
of these two types of forest. Extensive empirical observations are 
seldom very accurate because the eye is deceived by size and degree 
of showiness of flowers which will make one overlook the real situ- 
ation. In order to make the study objective and as analytical as pos- 
sible, the concepts frequency, density, fidelity, and coverage guided 
the observations of the herbs in nine stands of oak-hickory and 
eight stands of beech-maple located in Brown, Bartholomew and 
Franklin counties, Indiana. Fidelity is expressed as percentage of 
representation in the total number of stands of each forest type. 


METHODS 


Nine representative stands of oak-hickory and eight of beech- 
maple were selected from locations in the above named counties, 
where we had previously made quantitative studies of the arboreal 
layer (11). In each stand ten one-meter quadrats were staked ofi 
with wire stakes. These were placed in winter when vegetation was 
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dormant and could not influence the selection of sites. Each quad- 
rat was separated from the other by fifty feet of interval. Tabula- 
tions of plants were made between April 30 and May 21 for spring, 
between July 13 and August 3 for summer, and between September 
7 and 21 for autumn. A stout cord was placed around the four 
stakes to delimit the quadrat sharply from the surrounding terri- 
tory. The forest stands were all in the more rugged part of the 
state where slope controls beech-maple and oak-hickory type of 
forest (10) and where available soil moisture is always lower and 
evaporation demands almost always higher in oak-hickory than in 
beech-maple (5). 


RESUEGS 


Results of the study are summarized as tables I-VIII. Among 
the 159 species listed (table VIII) there were only. three ferns. 
Over 90% of the species were perennials. Oak-hickory had by far 
the larger number of herbaceous species for all seasons of the year, 
being quite uniformly 50% greater than in beech-maple (table II). 
The same percentage difference holds true for the whole season. 
Spring had the larger number of species limited to one season of 
above-ground vegetative activity, and autumn had the least. For the 
entire season, oak-hickory had 126 species in its herbaceous layer 
while beech-maple had only 96, a difference of 25%. Frequency 
index was strikingly low for nearly all species (table VIII). A 
selection of the species with highest frequency index is shown in 
table III. In the oak-hickory association, Carex picta heads the 
list with 36% frequency and Galium concinnum with only 28% 
leads all species in the beech-maple association. Carex picta, Cunila 
origanoides, Potentilla simplex had the greatest density (table IV) 
when all seasons are considered, but Krigia biflora had the greatest 
density for one season. In the beech-maple stands Galiwm concin- 
num with 289, 208 and 164 plants for the various seasons outclasses 
all species in density except Arisaema triphyllum in summer (table 
IV). The beech-maple types of forest show a more marked sea- 
sonal control (table IV). In a general way beech-maple is more 
vernal-aestival while oak-hickory is more aestival-autumnal. This 
same tendency is indicated in table V where highest percentages of 
fidelity are compared. 

The highest percentage of fidelity for the whole season in the 
oak-hickory type is shown by Cartex picta (88-88-88), while Cunila 
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and Potentilla equal this for summer and autumn with Panicum 
dichotomum a close competitor (table ae 


In the beech-maple stands Galium concinnum is the only defi- 
nitely identified species with high percent fidelity. Of the 159 
species present some time during the growing season in the two 
types of forests, only one-third have vegetative parts above ground 
during the whole growing season. Species showing this character- 
istic were equally divided among the two types of forests (table I). 


The largest number of species present during any one season 
were recorded in summer (112) and the least in spring (99). But 
the largest number of species limited to one season were present in 
spring. More than twice the number of species were limitd to oak- 
hickory than beech-maple. 


DISCUSSION 


In a study like the present one it is not always easy to select 
stands which will not show a tendency to merge into one another, 
for in a region like Indiana the least variation in vital habitat factors 
will swing the tree vegetation either into oak-hickory or beech- 
maple as the case might be. A careful analysis of the arboreal 
layer, therefore, is almost essential to a reliable selection of types. 
All of the stands involved in the present study were included in an 
extensive forest study to be published as a separate paper (11). 

Tables VI and VII present in a summary form the vital points 
on the arboreal layer of the stands designated here as oak-hickory 
and beech-maple. The density of 628 stems and high frequency for 
Acer saccharum in the oak-hickory type are somewhat misleading 
as to the true status. Both of these rather high percentages are 
caused by a unique condition in one stand, area 39, a steep slope in 
Franklin County where the plateau .is typically beech-maple forest 
but the older trees on the slope are primarily oak-hickory. Appar- 
ently the mature maples on the plateau produce abundant seeds 
which germinate on the slope but fail to grow to maturity, for the 
430 stems listed from that station are all small trees taking little or 
no part in the crown cover, for this is dominated by Quercus muh- 
lenbergii and Carya ovata. In the beech-maple stands only beech 
and maple have a high density and frequence while in the oak-hickory 
(table VI) stands three species of oak and two hickories have a 
frequency index of 50% or more. The same characteristics are 
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borne out by table VII, where the average number of stems per ten- 
meter quadrat are tabulated. 

Turning attention to the herbaceous layer of these two types of 
forests, we find first of all some very striking characteristics of dis- 
tribution and seasonal activity. Of the total number of species 
listed only about one-third are present vegetatively all year, for the 
spring herbs die down to the underground parts and many autumn 
plants do not appear above the surface until the summer season. 
In the second place there is also sharply controlled difference in the 
distribution of species in the two forest types... Oak-hickory has 
twice the number of species limited to that type of forest as does 
beech-maple. This is, no doubt, a control of light, for the more 
open crown cover of oak-hickory permits more species to invade 
that habitat. 

The herbs of our deciduous forests are outstanding by a high 
percentage of perennials and low fern representation. Ferns in the 
central part of Indiana are limited more to moist ravines and wet 
lowlands, and really play a minor role in the more mesophytic beech- 
maple and oak-hickory forests. While Esten (4) reports six species 
of ferns for a beech-maple stand in Turkey Run State park, they 
are all in the lowest frequence and coverage classes. 

Coverage for most species was in the lowest class so that the 
results for this concept have not been tabulated. For convenience, 
a selection was made of the species with the highest frequency index 
(table III), density (table IV) and fidelity (table V), for most 
species registered low percentages in all three concepts. This may 
be induced by different causes in the two forest-types. The sur- 
face in the beech-maple stands is usually marked by a thick layer 
of leaf mold which, no doubt, inhibits growth of many herbs, for if 
herbs do not get an early start they cannot well store sufficient food 
before the dense crown cover shuts out the light. This same factor 
was pointed out (6) as control in inhibition of hemlock reproduc- 
tion in the deciduous forest. In the oak-hickory type only the more 
favored areas permit establishment of herbs, for the habitat as a 
whole is quite xeric so that only deep-rooted species like Cunila, 
Carex, Panicum and Potentilla can attain a fair degree of distribu- 


tion over large areas. 
Results of the present observation in beech-maple stands corre- 


lates very closely with a similar study by Esten (4) ina beech-maple 
stand at Turkey Run State park. 
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In twenty-five one-meter quad- 


rats she records 32 species of herbs. Our area “37” with 50 species 
is somewhat higher in representation while other stands have less 
than 32. Density, coverage, and frequence are low for most species, 
only four of the species recorded in her paper reach 41 to 80%. 
Claytonia virginica and Dentaria laciniata were two of the four 
species with high frequence which, again, correlates well with the 
present results. She, too, describes the herbaceous stratum as vernal- 
aestival in character. 

While some species are found in both forest types, the individ- 
uality of each is indicated by the herbs in that not a single species 
is in the higher frequence, fidelity and density classes in both forests 
alike. Galium concinnum is the most common and most abundant 
of all our flowering plants in the beech-maple woods. It also differs 
from most of our herbs in that it maintains a fairly active above- 
ground vegetative function throughout the growing season. As a 
whole, the two types of forests differ with respect to expression of 
herb layer in that beech-maple is primarily vernal while oak-hickory 
is aestival-autumnal, indicating, again, a light control. 

Habitat and plant associations and forest-types are much de- 
bated man-made terms. They are the result of an attempt to de- 
scribe complex merging expressions of results of operation of nat- 
ural laws. At times the cooperating or opposing factors can be iso- 
lated but usually this is not possible at all or at least only approxi- 
mately so. There is a growing realization among foresters as well 
as plant sociologists in this country that forest-types based on cover- 
types does not describe biological equivalents as accurately as the 
ground flora does. This would be true especially in border cases 
between forest types. So students of forests in Europe have for the 
past two or three decades classified forest-types on the basis of the 
ground flora. One of the first attempts of major proportions in 
this direction in America is the work by Heimburger (7). Stanley 
(12) in his work in the Yale University forest, with a similar 
thought at classification of forests in mind, expresses doubt as to 
the practicability of using such forest-site indicators beyond the im- 
mediate neighborhood where such a diagnostic study has been made. 

Previous and present experimental work have shown that plants 
have various degrees of “plasticity” to light intensity and in this’ re- 
spect reactions of obligate species are easier to examine than that of 
facultative species, and as Lundegardh (8) says, “The same thing 
is true of the behavior of plants towards other factors and it is 
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important for the ecologist to recognize constancy of behavior of 
different species towards the various factors of the habitat.” Like- 
wise, is the more or less constant association of two or more species 
not always determined by identical habitat factors but in their com- 
bination they may have the same biological value. In a forest asso- 
ciation the dominants have a wider range of potentiality to many or 
all habitat factors than the more sensitive herb, thus indicating 
tendencies in habitat change. And so it is quite likely that all 
stands of beech-maple or all stands of oak-hickory are not neces- 
sarily the same as far as the habitat of the lower strata is concerned, 
for variation in microclimate may exert selective action on herbs 
which would not be sufficiently selective to go beyond the range of 
potentiality of the tree layer. Lundegardh (8) says, “When one 
comes to the detailed observation of mesophytic areas, especially 
when the climatic conditions are fairly uniform, the ecological prob- 
lems are by no means so obvious. Without extremely careful inves- 
tigations it is often impossible to say exactly how the habitat of 
specific plants is composed.” Here may not only various chemical 
phenomena be mentioned but also purely physical characteristics of 
the soil and various aerial factors modified and influenced by the 
tree layer. Watt (13) found that periodic low temperature and 
compact soil prevented establishment of beech seedlings in English 
beech forests. Adamson (1) says of two similar types of oak forests 
in England, “The light values obtained in this series of woods are 
like those of Oakham Bottom, but rather higher which explains the 
richer and more varied flora.” All this points to a possibility of 
variations in the herb layer of forests with the same or similar 
crown cover. 

Our deciduous forest is a very complex and heterogenous struc- 
ture, ranging from the borders of hydrophytism to that of xerophy- 
tism with a series of merging phenomena connecting them. So 
beech-maple and oak-hickory control habitats which in Indiana are 
so critically balanced that mere exposure of slope will maintain 
either one or the other, and herbs ought to indicate the change from 


one to the other before the crown cover gives expression to the 
habitat. 


The present study most clearly shows that the herb layer in the 
two forest types, i. e. beech-maple and oak-hickory, is sharply di- 
vided as to species complex. Cain (3) mentions the same possibility 
for the herbs in the spruce and fir forests of the Great Smoky 
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Mountains. Lundegardh (8) suggests that this difference is due to 
light, soil and humidity. Here in Indiana soil moisture must no 
doubt be considered one of the most vital influences. South-facing 
slopes with oak-hickory forest-cover had 61% greater evaporation 
loss than north-facing slopes with beech-maple forest-cover (5, 9). 
The south-facing slopes had 30% less soil moisture than north- 
facing slopes, so that even in a year of abundant rainfall the mois- 
ture dropped below the wilting coefficient during a large part of the 
summer. It has been shown that these two forest types also differ 
as to soil acidity (5), all these are more obvious and measurable 
differences in the habitats but there are, no doubt, also ‘“‘hidden com- 
petitions’ as Braun-Blanquet and Pavillard (2) express it. The 
sum total of these habitat factors results in a strikingly different 
species complex in the herb layer of the two forest associations. 

It is indicated in the present study that several types of beech- 
maple and oak-hickory stands were involved. The greatest differ- 
ence being between the stands in the Knobs area and those of 
Franklin County. We could, perhaps, classify them as the Cunila- 
Carex picta-Panicum dichotomum type of oak-hickory of the Knobs 
area and the Delphinium tricorne-Dentaria lacimata type of the 
eastern part of the state; the Galium concinnum-Dentaria hetero- 
phylla-Dentaria laciniata type of beech-maple of the Knobs and the 
Galium concinnum-Dentaria laciniata-Claytoma virginica type of the 
eastern part of the state. 

The two types of oak-hickory also differ somewhat in their sea- 
sonal aspect of the herb layer, the eastern type is more vernal while 
that of the Knobs is more autumnal, indicating, thus, a longer period 
of dryness in the Knobs area which involves even the spring season. 

The study impresses one again and again with the complexity of 
habitat and forest-cover, especially when phytosociological phenomena 
of the more sensitive lower story strata are involved. It is no doubt 
the “hidden control” which makes such species as Cunila origanoides, 
Dentaria heterophylla, Solidago bicolor, Carex picta and even such 
tree species as Quercus montana so local in their distribution here in 
Indiana. While the present study in all its extensiveness is dwarfed 
by the complexities in the control of herbs, it is consummate in its 
differentiation in the herb dominants between oak-hickory and beech- 
maple. This is reflected in every phase of phytosociology investi- 
gated. 
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CONCLUSIONS 


1. Nine stands of oak-hickory and eight of beech-maple (ten 
one-meter quadrats in each stand) were studied in central Indiana 
as to certain phytosociological phenomena of the herbaceous layer. 

2. Of the 159 species present some time during the growing sea- 
son, only one-third were present during the whole season. 

3. Beech-maple has its most prominent herb representation in 
spring, oak-hickory has it in summer and autumn. 

4, While some herbs were present in both types of forest, the 
most prominent species in either of the forest-types are strikingly 
different. 

5. Odak-hickory has from 45 to 50% more species than beech- 
maple. 

6. Frequence, density, fidelity show prominent correlation in the 
species with prominent importance. 

7. Most species have a low frequency, fidelity and density per- 
centage, which may be due to deficient soil moisture in the oak- 
hickory type and to heavy leaf litter and reduced light in the beech- 
maple stands. 

8. Coverage is in the lowest class for nearly all species. 

9. Over 90% of the species are perennials. 

10. The study indicates that if classification of forest-types were 
made on the basis of herb layer, Indiana has various types of oak- 
hickory and beech-maple stands with similar arboreal crown cover. 
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Distribution of species over various seasons 


Total numberof speciessin bothsrorestaty pesmi eieeeh tenets 159 
Species) presenteall ycarsinsbeech—tnapl ements cee eee ene 29 
Speciesmpresentaallmyeansingoa lc ico 1 yale treet tei teen nete aeaee ae 32 
NiGHTS: OF Gass ta Garis, ill eS ooccssugooebadscocessucucoooosuuass 99 
Numberior specicsumestoumer~alluareas meee emer iiaen eet 112 
INIT? GH Gaasies in amaean, MARA ooo ccccesasoensacunuonsnuouonnoce 100 
SHAS ii Geers @blhig, EM WRES coo cocccapuaccuccoscuucgsncowoccnnvanauc 26 
SPecilesmumstimim cironlyaralacieas eee en ee 19 
SHAS 1h CTT GNI ENN EWES os sooo cdbueecoocsunadedoaocudnooobeae 12 
Number of species in beech-maple only, all seasons ...............0e-e00e 30 
Number of species in oak-hickory only, all seasons ..............eeeceeee 64 
Number’ i iierns sty sce ey earn ee neon eke ee 3 
Auinedls. percenitiof, total 2 areme te kne mee hres cee mers, 9 
Peremta ls ist: cst voaa.g vei it sets x ieee a tee ee ee 91 


IPANBULAE, TOL 
Seasonal distribution of species in the two forest-types 


Spring Summer Autumn 


Species in beech-maple only ................0..-2... 18 20 17 

Species in oakt-hickory “only .. 0c. <.s26. cs davee docu: 35 37 38 

Total number in beech-maple 

Total number in oak-hickory 
PAB Ie il 

Species with highest frequence and seasonal distribution 


OAK-HICKORY 


Species Spring Summer Autumn 
PAMLenTaniagantaciniiOlia ae .acscusc sess oeGsccene iil 12 14 
Srinil wont ranoidest em. ae ec eo oe no cee: 26 31 33 
EGGS pont hee 32 36 33 
Desmodiuny rotundifolmum’ 22....+s24..6e acne nese ees i! 22 Al 
SEER CTE A gS Sat e  a 15 14 10 
PATI Clim CIC IO LOM = see jen essa ae nescence: 4 30 28 
POrentliagsinplexmasree se ert a ena 30 31 30 

BEECH-MAPLE 
lay LOAM Ce Inicameeer tere eho etre a yh a. 5 — -- 
Wentaciasheterophylla 2s. 4s cs ea nee cissie cts ne 15 — — 
DC rrtciicteM LACT ba Mee ee eee cnc i a ar soe 34 — — 
CUTE MRC ONC UTM ttre trays ce cas roe oom Scotts 27 28 27 
SSTACiamrACeCINOSA wee a eee eo en ae ecto de itt 12 WZ 
TABLE IV 
Species with greatest density and seasonal distribution 
OAK-HICKORY 

Species Spring Summer Autumn 
PML eHiTAt (am Platt AIM O lia meee races fereyeens rors Te, 96 77 
OO At exem [I CLAM ere erect rasa cusses aye ate cones eer eres ee Seika 65 87 84 
BIT ATOLIPANIGICES eer tna aie eeray nc cies ereta ens Cena IM ePois oe 66 90 100 
Wesmodiim) rotundifoliinl | sete o esse eine ees: 10 85 75 
ert otal Dit Ord ummicesa mreerirnertetanasts cust ayn 4...) AL sais arenas 86 116 32 
IReriveetit Gbhteagesbhi” cnqoamsnesebenouucutogdneo snot 6 60 49 
Poly eonat inte PuDESCENSe armies ici tel eye e ele Font 67 7 — 
Potentillaw Simplex <crita cirri cr elias ser seme o's oie esi eo) 98 103 102 

BEECH-MAPLE 
ASSGrSim Teaaydliiten Gennouapoooseoemeb 20 20nUDbGoOoe 61 143 16 
(CRHS= AINMEINED sosocoooudknpdote seared eopuC orem De 42 20 
Glayfoniae vir oiMcamere yo eerste lac eile eie i0 .s ail 81 — os, 
Dentaria heterophylla ....-.-.+.2+-.--++++---+s00%- 3 -— -— 
Dentariamlacinsata meer eine sie tie teers air aoter ae — — 
(CERN teiilehartviel eAnae ioe seGeo 4 onora Soploer an ocd 289 208 164 
ID, EDIEY coopoasedodsodgo ooo tome anosococauesnes Z 28 43 
Smilacina racemosa ...-.-..--eese eect eect teeeees 37 35 27 
nil 


TABLE V 


Showing species which sometime during the growing season show a fidelity 
of 50% or more. 


OAK-HICKORY 
Species Spring Summer Autumn 

Antena niagep lanitae iri lial ener tiie titer titel eae oS 55 55 
Carexg pictaipeseecace tne eee aromas 88 88 88 
(Giimiey rabsaitetles cucocucccsoac econ sanuccanoadtncne 55 77 Ue 
Decsmodiumurotuncd ito linia meee ie eet errr 11 66 The 
Galitim ecircaezancmeruiact ater me crate eee ceee 44 55 S 
Elelianthuse microcepiialtis msn ieasietnt tartare cr 11 66 33 
[ED GRACTHE PAROMON go nonoccasconwucostaobeUGKEsoncE 33 55 OS. 
Krisiasbitlotal ata ssi caprn csc sineeaorerue a sues aleusteieeeher: 66 44 33. 
Lespedezaanittalliitre rece: actrees eeietacicera — 33 55 
iDarairetren ChONhiormeben cscaannogeadsoan5 sade s0acundues OS 88 88 
Potentillaysimplex etnias. oc eee Omeeoce eee 77 77 88 
PASTE ONES) poeacuccaacuvudcoseroduuebo sane 55 Shs) ill 
JEM UUEKA NEL CPE EOIEY Gonococcooaucudanseeouncuetes — — 66. 

BEECH-MAPLE 
ATICIMONE! amt ial iChEO1d eS miter see meee meri eit nian ter terete 62 50 12 
INGEEIGEY LaatnONGlLEN cioceadnmoos Gade deo bon Sore So aaet 50 87 37 
Garexcealbursina sche aero Sata eee eri ere — 75 cS 
Claytoriateviroiiiicas ste ore ere ae ra none eee 62 — — 
Dentariam laciniata amr shia npeie aw iey acer ree eae 100 — — 
DEsmodiumeeniclicloniniee te emer mae cere — 62 37 
(Geukieien, Cesar, soocooearcseaadquonausecuancocoose 100 87 100 
Pileabs putiysl ate yy waters toe eee aoiska ses ection ee 12 50 aN 
PrendithesaaltiSsitriae ce, ster ater oe teu ate nen ee 50 12 12 
Smilacinas racemosa apie tion eens Sei ere eee 62 50 7s 

TABLE VI 


Density and frequence of dominants in the arboreal layer of stands included 
in study of herbaceous layer. 


OAK-HICKORY BEECH-MAPLE, 

Species Stems Bet, Stems Pei 
A Cermsacchartith ae pase ee eee 628 61 1,062 83 
INAS fESRNTEMIONE, 5500 ocacoccanasnendess 38 13 590 82 
Ouercusealba wears een ee eee ae es 300 55 52 18 
© Mborealisurnasinia a eae aan 58 24 41 16 
Ost riontana wee nyse es th ee 671 50 76 9 

O#mublenbereiaseee eee ee 75 24 2, 15s 
Ove velutinateek ere hice eee fers 456 60 23 10 
(CAGE COMMAS soacaccscocesaueacoacn 16 8 39 8 
Cit elab taxes: ere tees ee ae ey 291 50 143 38 
Ciifovata: WA Reese aie yee ee een 168 55 123 ail 


TABLE “VIL 


Average number of trees for each ten by ten meter quadrat ey trees 
at least three feet in height. 


Species OAK-HICKORY BEECH-MAPLE 
PAGCTESACCHIA TITER arin attire cds oe erect 4.6 6.3 
Mar usmorandioliag@erencee <.. coe cn. erates eS 1.2 
Quercus (all species ) 6 ne Sibaapan ecco ee Ae 25) ial 


(Caravan (alliespecies))) eae saree aety ccc SI oon aS 1.8 
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WHAT IS CLIMAX IN CENTRAL INDIANA? 
A FIVE-MILE QUADRAT STUDY 


By J. E. Potzcer anp Ray C. FRIESNER 


Indiana offers interesting and frequently puzzling problems to 
the student of plant life because of the delicate state of equilibrium 
between geological, climatological and biological phenomena. If we 
add to this complex a location which borders on several different cli- 
matic belts together with the presence within the state of three dif- 
ferent physiographic sections, variations and modifications in habi- 
tat are multiplied still more. Unless one has spent much time in 
the field in analytical studies and has struggled with such a tap- 
estry of life and habitat one may become lost in the maze and resort 
to erroneous generalizations. Since Indiana is outstanding in so 
many merging phenomena which are sensitively balanced, any de- 
scription of our forests which does not take this into consideration 
can only approximate in a general way the true status of affairs in 
our forest distribution. The present paper is an intial step in an 
extensive study of Indiana forests on the basis of quantitative field 


data. 
METHODS 


The areas studied involved parts of Franklin, Bartholomew, Mon- 
roe, Brown and Morgan counties occurring in an east-west line 
near the northern part of the southern half of the state. Most of 
the areas studied were unglaciated and those which were glaciated 
were topographically similar to the unglaciated areas in that more 
or less dissected ridges or plateaus alternated with steep slopes 
leading into river valleys. ‘ 

Sampling was by aid of 10-meter quadrats. The quadrats if 
placed end to end would total a distance of 5.5 miles. DBH. measure- 
ments were made of all trees which were one inch or more in dia- 
meter. All stems of woody species at least a meter or more in 
height were included in the density tabulation. It was assumed that 
such young trees would not only give information on reproduction but 
also present a more accurate picture of probable success of repro- 


duction over a longer period of years. 
The tabulations were made in winter when the crown cover of 


leaves could not become an obscuring factor. Previous observa- 
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tions had shown that two types of associations of the deciduous for- 
est, i. e. Quercus-Carya and Acer-Fagus were largely determined in 
expression by exposure of slope either north or south, and so most 
of the investigations were centered on such slopes. During 1935 
the herb layer of the two types of forest was studied as to fre- 
quency, density and fidelity (15). Special atmometer studies as 
well as soil moisture observations in oak-hickory and beech-maple 
stands were made in 1934 (8) and all indicate more rigorous condi- 
tions in the oak-hickory type of forest. Unfortunately there were 
comparatively few areas with east, west, and intermediate exposure 
to be examined. 

In the tabulation the trees were divided into five size-classes to 
add to the diagnostic value of the figures. Fidelity is expressed in 
percent of representation in any one forest type. 


OBSERVATIONS 


The observations revealed 73 species which comprised: 34 tall 
trees, 8 small trees, 15 tall shrubs to small trees, 8 small shrubs, and 
8 lianas. Of these 61 were in the Acer-Fagus type of forest on 
north-facing slopes. This was also the largest number of species for 
any exposure group. Forests on south-facing slopes were second 
with 58 species. All other exposure groups had considerably less, 
but this may be due partially to a reduced number of quadrats in- 
volved in their tabulation. Tall trees made up more than 50% of 
the total number of woody species present. 

Carya glabra is the only species in the tall tree class which has a 
high fidelity in all exposure groups, and Sassafras holds the same 
distinction for the small tree group, but Cornus florida has a higher 
percentage fidelity in six of the seven groups. Viburnum acerifolium 
is the most widely distributed small shrub. Less than half of the 
tall trees had a frequency (F. I.) of 50% or above, and none had 
so high a percentage in all groups. Acer saccharum and Carya glabra 
came nearest having a high F. I. in six out of the seven exposure 
groups. Acer saccharum indicated the widest range of potentiality 
with respect to soil moisture, since it had a high F. I. even on dry 
ridge-top stands. Fagus has a high F. I. only in the more humid 
north and east exposure locations, while Quercus velutina is similarly 
represented in the dry locations. 

No species of Quercus or Carya go beyond an F. I. of 37%, oa 
north-facing slopes. Ostrya and Sassafras show the highest density 
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and frequency on the drier sites while Cornus florida and Viburnum 
acerifolium show no special perference. In the Acer-Fagus type of 
forest five species have an F. I. of 33% or higher, and in the 
Quercus-Carya type nine species have a similar position. Only 129 
stems were above 20 inches DBH. This would average 23.4 stems 
per mile strip ten meters wide. 

Comparing density of Acer-Fagus and Quercus-Carya as groups 
(table I) we find that Acer-Fagus has its greatest density on north 
and northwest exposures while Quercus-Carya has it on south, south- 
east, and ridge locations. Southwest, southeast, and ridge are def- 
initely Quercus-Carya; north is definitely Acer-Fagus; while east 
and northwest are evenly balanced. The outstanding characteristic 
of the forests in the central part of Indiana is the critically balanced 
Quercus-Carya and Acer-Fagus climaxes. 


DISCUSSION 


- 


Much has been written during the last two decades on the concept 
of “association” and forest-cover types, and still they are an elusive 
something into which a heterogeneous vegetation with merging tend- 
encies can be pressed only imperfectly. This is especially true of 
the deciduous forest formation with its abundant species whose po- 
tentiality for habitat overlaps, resulting at the border in obliteration 
or at least in a dimming of a sharply defined segregation of asso- 
ciated species which characterize the association where optimum 
conditions prevail. Thus Quercus alba, Carya glabra, and Carya 
ovata may be co-dominant in the weaker expression of the Acer- 
Fagus association while Acer saccharum and Acer rubrum may at 
times constitute an important clement in an association otherwise 
made up of Quercus and Carya. This has led Gleason (9) to the 
individualistic concept of the association, considering it not a unit 
which may be found over large geographical locations because of the 
difference in migration of species which constitute it. 

Clements (18) considers the association an entity and attempts 
to take care of the topographic and geographical variations by the 
subdivisions of lociations and faciations. Cain (5) compares the ecol- 
ogical amplitude of any species to a circle within which a species 
must move and limits it to its association with other species, and 
high fidelity is considered a narrow ecological amplitude. Quercus 

-velutina is in Indiana the best indicator of the drier-site Quercus- 
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Carya association and Fagus for the optimum mesophytic Acer- 
Fagus association. 

Cain (5) has pointed out that the complex nature of a climax is 
indicated by the numerous associations and communities which make 
up the nomenclature of certain systems. As for our deciduous forest 
the complex integrating of ecological amplitude circles of various 
species constituting the crown cover is indicated by the 96 forest 
cover types adopted for the Eastern United States by the Society 
of American Foresters (17). Systems of classifications may fail 
because of unwieldy complexity. or because of undiagnostic brevity. 
The forests of Indiana are typical of the complexity of the eastern 
deciduous forest and this complexity is mostly due to the physi- 
ographic and climatic factors which make Indiana a “critical botant- 
cal area’ (7). For the same reason even the arboreal layer of the 
forests of Indiana are so frequently misinterpreted. So Zon (19) 
in the atlas of American Agriculture and Fenneman (6) in repro- 
ducing maps from the atlas place nearly all of Indiana into the 
Quercus-Carya type of forest. Gordon (11) more recently pub- 
lished a more diversified vegetation map of Indiana, based primar- 
ily on empirical observation. To both of these maps we will refer 
again later. 

In all of the counties studied, the two forest types customarily 
termed Acer-Fagus and Quercus-Carya are sensitively balanced, and 
in most cases appear to be closer to Acer-Fagus than to Quercus- 
Carya for Acer saccharum has a high fidelity and F. I. in most 
exposure groups (table I.) No doubt the sharp ridges are the most 
definitely defined Quercus-Carya habitat. 

A study of this nature also reveals many points about the 
characteristics of the associated species. One is first of all im- 
pressed with the large number of woody species constituting a major 
or minor part in the cover. This is especially true for the tree 
layer. It was a customary thing that one had to provide at least 
45 lines on the tabulation sheet when a survey of 50 quadrats was 
made in Indiana while a similar survey on Mackinac Island, Michi- 
gan, necessitated room for only five to fifteen species. Gleason 
(10) lists only seven species which played a part in the forest cover 
in four stands of Acer-Fagus associations in three counties of the 
upper part of the lower peninsula of Michigan. The present study 
shows 32 species playing a major or minor role in typical Acer-Fagus 
associations in south-central Indiana. This indicates at once the 
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greater complexity of our Indiana Acer-Fagus associations and pos- 
sibilities for wider rangés of variations within the associations. 

The fidelity and frequency data (table I) show a sort of border 
line condition existing between the two associations for all important 
species, but Quercus montana, Q. velutina, and Fagus grandifolia 
have a fairly representative F. I. in all exposure groups. It stands 
out clearly that these two associations are quite distinct when we 
consider the number of stems for each 100 sq. meters. Fagus is 
represented by much smaller numbers of stems in the Acer-Fagus 
association, but that is mainly due to more prolific reproductions by 
Acer saccharum, so that the high totals of stems for Acer are due 
to abundance of stems less than an inch in diameter. 

While the customary term Acer-Fagus is used in this paper for 
the designation of the crown cover in the most mesophytic forest, it 
should be pointed out that this term must be made very inclusive of 
many other species which play a part in the crown cover when 
Indiana ferests of this type are considered. Potzger (13) pointed 
this out in his study in Monroe county, saying that the so-called 
Acer-Fagus is more of a mixed hardwoods type in which Acer and 
Fagus play a prominent role. Braun (1) was the first to apply the 
term “mixed mesophytic” forest to such associations. Sampson (16) 
described a mixed mesophytic forest for Ohio, which as a whole 
closely approximated many of the Indiana stands included in this 
study. In a recent paper Miss Braun (4) discusses at length the 
three-fold vs. the four-fold concept of climax associations in the 
eastern deciduous forest. She places the true Acer-Fagus associa- 
tion into the northern limits of the deciduous forest, and expresses 
the opinion that in Indiana the Acer-Fagus association is in reality 
the “mixed mesophytic association.” In the present study there 
are nine tall tree species with a fidelity of 75% or over in fifteen 
stands on north-facing slopes, which are characterized as Acer- 
Fagus according to the present conception of forest cover types for 
this region, but only Acer and Fagus have an F. I. of 50% or over 
in these stands. Density of tall trees with a DBH. above six inches 
in the fifteen stands is as follows: 


Species 6-10 inches 11-20 Above 20 inches 
PERE Ejapco noes ae vamos: 39 70 68 
EN CCLAMNTS cian mistdicisieiperere alia , ef 14 11 
The two combined ........ 69 84 
All other species ........-- 262 fat 
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This definitely indicates that other species besides Acer and 
Fagus play a prominent part in the crown cover, thus supporting the 
opinion of Miss Braun (4) and Potzger (13) that the most meso- 
phytic forest climax of central Indiana is not a typical Acer-Fagus 
forest whose crown cover is controlled primarily by two species, but 
rather by a complex of a number of species (in the fifteen stands 
considered in this paper, by 25 species) Acer and Fagus have, how- 
ever, 3.5 times as many stems above 20 inches DBH. as the other 23 
species combined, but this may be in part a reflection of selective cut- 
ting. In the seedling and small size classes (table I) the 23 species 
of the association complex are greatly outnumbered by Acer and 
Fagus, and if the abundance of reproduction is diagnostic of the 
crown cover of future years there would be a possibility that a 
true Acer-Fagus crown cover will be the end of succession in the In- 
diana mixed mesophytic forest. 

Quercus-Carya, too, is not so sharply limited to these genera as © 
assumed by the term. In fourteen stands on south-facing slopes, 
eight tall tree species showed a fidelity of 75% or over and three 
had an F. I. of 50% or over. Representation according to density 
is as follows: 


Species 6-10 inches 11-20 Above 20 inches 
OUcKCuSmEN Ercan: 418 145 7 
(CORAIE) = Gite et BCom aD 42 13 
Gomibined eevee canes 460 158 7 
IN I otherSarss cm cnrrnene 95 28 3 


Twenty-two species shared in the crown cover control, namely five 
Quercus, three Carya and 14 other species, but control was more 
typical Quercus-Carya in these stands than Acer-Fagus in the most 
mesophytic forest. The present study indicates a justification for 
renaming the classical Indiana “beech-maple association” as the 
“mixed mesophytic association” in which beech and maple are the 
most prominent members, for it becomes at once evident to a worker 
transferring activities from Indiana beech-maple to that of northern 
Michigan that the association complex in these two areas bearing 
the same designation are strikingly different. 

The Quercus-Carya type forest does not have a second layer tree 
cover so well expressed as the Acer-Fagus type has, where Ostrya, 
Carpinus, and Cornus florida play a prominent part. There is also a 
big difference in the aerial and edaphic factors between the habitat 
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sites occupied by the two forest types. South-facing slopes in this 
same region had 60% more evaporation loss than north-facing slopes 
while soil had 30% less moisture on south slopes than on north 
slopes (8). In various parts of Brown and Bartholomew counties 
Acer-Fagus areas registered less water loss than Quercus-Carya 
while soil moisture was always higher in the former (8). Con- 
sistent differences in the important species which make up the herb- 
aceous layer in these two types of forest have also been shown (15). 

The gradual merging of species constituting the Acer-Fagus and 
Quercus-Carya types of forest in intermediate exposures seems to 
support the opinion expressed previously that Indiana has a sensi- 
tively balanced division between forest types. How do the quantita- 
tive data of this study agree with the forest type distribution given 
in the vegetation maps published to date on Indiana forests? Ina 
general way very poorly. As a whole Zon (19) classified the state 
too dry and Gordon (11) to mesophytic, especially for Bartholomew, 
Monroe, aiid Morgan counties. In a complex forest situation such 
as we have in Indiana, it is impossible even to approximate an ac- 
curate analysis of facts for a vegetation map without very extensive 
quadrat data. Quadrat study is a time-consuming method but will 
eventually be the only reliable method upon whose results a vegeta- 
tion map can be based. Not only is Gordon’s map inaccurate in the 
region covered by the present bulky field data, but as McCoy (12) 
has pointed out, also in the interpretation of the forests of the west- 
ern lobe of the Illinoian till plain. 

Our study showed very little difference in the makeup of Acer- 
Fagus and Quercus-Carya types of forest cover in Brown, Monroe, 
Morgan, Bartholomew counties on the one hand (unglaciated areas) 
and those of Franklin county (glaciated) except that Quercus velu- 
tina and Q. montana were replaced by Q. alba and Q. muhlenbergit. 
The prominent place occupied by Acer saccharum even in the drier 
sites may be due to cultural influence, i. e. selective cutting which 
gave a prolific seeder like Acer saccharum an advantage which might 
be reduced considerably by later competition. This is indicated on the 
steep slope of area 39 in Franklin county. The small number of trees 
(129) above 20 inches DBH. in 5.5 miles of quadrats indicates 
immature forests in central southern Indiana. 
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SUMMARY AND CONCLUSIONS 


1. The paper deals with quantitative data of a 5.5 mile quadrat 
study of forests in Franklin, Bartholomew, Brown, Monroe and 
Morgan counties, Indiana. 

2. The four strata of these Indiana forests were made up of 73 
woody species divided as 34 tall trees, 8 small trees, 15 tall shrubs 
to small trees, 8 small shrubs and 8 lianas. 

3. The forests of these counties were all approximately of the 
same constitution. 

4. North-facing slopes and moist uplands support a modified 
Acer-Fagus type of forest with 25 species occupying space in the 
crown cover. 

5. South-facing slopes and ridge location are typically Quercus- 
Carya. 

6. Intermediate slope-exposure locations support a more mixed 
mesophytic type of forest. 

7. The Acer-Fagus type of forest has a better developed small 
tree layer than the Quercus-Carya. 

8. Species constituting the small tree stratum are: Cornus 
florida, Ostrya virginiana, Carpinus caroliniana, and in more dis- 
turbed areas, Sassafras albidum. 

9. Viburnum acerifolium is the most common and widely dis- 
tributed small shrub. 

10. Apparently, the climate favors a modified Acer-Fagus cli- 
max and microclimate induced by topography causes and maintains 
the Quercus-Carya forest cover type in Central Indiana. 
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TABLE I 


Density (D), frequency (FI), fidelity (Fi) and size classes of species on 
north-facing (N), 14 south-facing (S), 5 west-facing (W), 4 east-facing 


(E), 2 northwest-facing (NW) and 1 southeast-facing (SE) slopes and 7 
ridge (R) exposures. 


SIZE CLASSES 
Ex- Below 1- 6- 11- Above 


i osure 1 Se i 2006 20 D FI Fi 
ae eT Bie ae Ae ome ee hemes 
NW 2 3 2rd la 50 
A. rubrum Noe 100p= 0 ll Ss 186 168 80 
Ct pipe Ta M BIS ae AR 8517. 
VWiizzei2) 92 236 55.3 80 
at 25, 338 66 361 75 
NW 78: 52 130 83.3 100 
Pee iam 8502. eo) 105 28 7 al 
N 2387 822 30 14 11 3274 89.5 100 
aaa SaGGen GAG 4. Yo 6 17-1316 57.68 100 
Wwe i200 (47-1 .. 168 39.2 100 
Pi OOm130m 10) we A) 2525 82.7 9100 
NWiaeez07, 775° 6 290 70.8 100 
SE 69 9 78 100 oe 
R 104 126 il 241 55.3 714 


Species 


Amelanchier canadensis 


Asimina triloba 


Aesculus glabra 


Benzoin aestivale 


Carpinus caroliniana 


Carya cordiformis 


C. glabra 


C. ovata 


C. tomentosa 


TABLE I—(Continued) 
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TABLE I—(Continued) 


SIZE CLASSES 
Ex- Below 1- 6- 11- Above 


Species posure ie Oe e205 20% D FI Fi 
Cercis canadensis N 29 3 LS eit 33 44 40 
S 38 81 Se Gite ei 119 OF AB 
W ae cali ane 1 1.0 20 
E Joe | Soe oe, ee 13 OS 25 
NW + omega ae Og atte 2) aL EXO) 
SE 4... fe ee 4 22.0 
R 238 10 3380 28:5 
Castanea dentata S a Ae Ghee Sal 67 8.4 14.2 
E 8 4 7 8.6 25 
Celastrus scandens N Ue ges 14 2A ee. 
Celtis occidentalis N 4 1 7 ly By 
S 1 3 4 Lan eee 
E 2 1 1 eee 
Cornus alternifolia N Zi 21 Bis AO) 
W 1 1 1 20 
« E 4 4 6:8) 25 
C. asperifolia N 3 3 0.7 13 
S 48 2 50 42 Ziad 
C. florida 43188705 9 1145 68.5 100 
S Ze alby 362 42.3 93 
W148 132 280 68 100 
E 63 58 121 62) 100 
DIV lta 2 186 91.7 100 
SE a ale 15, 55 
Ra AOS 22 127 55.8 100 
Corylus americana N 74 74 1.4 6.6 
S Z 2 0.42 7 
W 15 15 42 40 
R 1 1 18 14.3 
Crataegus sp? N Z 3 5 1.4 2 
S ee alnl 1 17 5.9 142 
R Z 2 18 143 
Dirca palustris S Yh RRS ne erga 277, 
Diospyros virginiana R ae ep re ere 12 al SHE 
Evonymus atropurpurea 6 6 0.35 6.6 
6 6 2, lee 14 
1 1 il 28 
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TABLE I—(Continued) 


SIZE CLASSES 
Ex- Below 1- 6-  11- Above 


Species posure ig 5) 104 20/2207 D FI Fi 
Fraxinus americana N 42 50 oo Ran TOO oye &8 
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TABLE I—(Continued) 


Ex- 
Species posure 
Juniperus virg. crebra N 
Liriodendron tulipifera N 
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Species 


Q. montana 


Q. muhlenbergii 


Q. velutina 


Ribes cynosbati 


Rhus copallina 


R. glabra 
R. toxicodendron 


R. typhina 
Rubus allegheniensis 


R. occidentalis 
Sambucus canadensis 


Sassafras albidum 


TABLE I—(Continued) 
SIZE CLASSES 


Ex- Below 1- 11- Above 
posure 1% Si OLA ZO ieee Oe 
E oe 2 i 
NW Ae se oe 
R IW ase 
N HY Wa) 28 1 


Za 
an 
bo 


R BY Of se ad 

N 25 

S 37 

W 6 

13) 26 

S) 7 

W 3D 8 

R alt 

E 1 

R 1 

N 8 

S 2 
NW 1 

N 8 

S 1 

N 1 

N Zz 

E ne fen ee ee 

IN’ NIG) “ilo ele 

SS 28 IG ie 
W 98 218 3 

is Sols 7 
NW 97 63 3 
SE 20 64 

R 94 69 2 


RS - 
mR 


Dorr waOrRN Or 


Ww 
bh 
Korg SS) 


TABLE I—(Continued) 


SIZE CLASSES 
Ex- Below 1- 6-  11- Above 
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SOME NECESSARY NOMENCLATORIAL 
CHANGES IN THE GENUS SOLIDAGO 


By Ray C. FRIESNER 


While attempting to bring all species and varieties of Solidago in 
North America into one key the necessity for the following name 
changes became apparent. 

SOLIDAGO BOMBYCINUM (Lunell) comb. nov. Originally 
described by Lunell (Amer. Midl. Nat. 2:59. 1911) from North 
Dakota as Oligoneuron. This latter name is worthy of retention as 
a subgenus name but the only character by which it can be differenti- 
ated from all other subgenera of Solidago is the 3-nerved tegules 
which are often so inconspicuous as to be very uncertain. From the 
standpoint of a field taxonomist Oligoneuron should be kept sub- 
ordinate to and not coordinate with Solidago. 

SOLIDAGO CANESCENS (Rydb.) comb. nov. Originally de- 
scribed by Rydberg (Bull. Torr. Bot. Cl. 31:652. 1904) as Oligoneu- 
ron. Status of this as a subgenus name given in the preceding 
paragraph. 

SOLIDAGO GIGANTEA SALEBROSA (Piper) ‘comb. nov. 
Originally described by Piper (Fl. Palouse Reg. 185. 1901) as a 
variety of S. serotina. Fernald (Rhodora 49:457. 1939) having 
shown that S. serotina should be reduced to a variety of S. gigantea 
Ait., S. serotina salebrosa Piper should therefore be changed to the 
above new combination. 

SOLIDAGO GRAMINEA (Wooten & Standley) comb. nov. 
Originally described by Wooten and Standley (Contr. U. S. Nat'l. 
Herb. 16:183, 1913) as Petradoria. Maintaining that Petradoria 
should be kept as a subgeneric name the above recombination be- 
comes necessary. 

SOLIDAGO texensis (Greene) nom. nov. Originally described 
by Greene (Pittonia 5:17. 1902) from southeastern Texas as 
Euthamuia pulverulenta. If Euthamia is to be kept only as of sub- 
generic rank this would become Solidago pulverulenta (Greene), but 
this name would be invalid because of its prior use for a valid species, 
viz. S. pulverulenta Nutt. (Gen. Am. 2:161. 1818). The above 
name is therefore proposed as a new name for this species. 
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